Abstract: Urbanization, increasing road networks, agricultural intensification, and land abandonment are widespread land change processes found in most European landscapes. As land changes affect animal species and their populations, there is a need to evaluate the effects of future developments on the viability of protected species. In this paper, we model population size and viability of selected indicator species for a selected area in Slovakia. Our results indicate that selected species are viable in the current landscape composition. However, the expected spread of settlement and the increase of road density in this area would likely lead to decline and loss of viability of species. Similarly, continuous land abandonment followed with spontaneous reforestation would likely trigger a decline of grassland species. In contrast, developing a biocorridor and restoration of existing green elements as modeled in our conservation scenario would strongly improve the viability of all species and avoid the impact of the expected developments. Our results underline the actions that prevent further loss of biodiversity in human-dominated landscapes and, thus, have particular importance for landscape planning and decision-making processes.
Introduction
During the last hundred years, more than half the landscapes in Europe exhibited some change driven by human needs [1] . Urbanization and change of the agricultural areas are the most widespread land changes in recent decades [2] . These changes have multiple, often negative impacts on biodiversity and distribution of animal species [3, 4] , while protected areas worldwide are not isolated from human activity influences [5] [6] [7] . The increase of urban areas may lead to habitat loss, diminishing habitat area, and a decrease of landscape elements, such as small forested patches, hedgerows, and riparian zones. Construction of road networks increase the barriers for animal movement that weakens population viability and might even lead to local extinction of some species [8, 9] . The environmental consequences of agricultural intensification include the increased use of fertilizers and biocides, land draining, irrigation, and the loss of many biodiversity-rich landscape features [10] . On the other hand, agricultural abandonment followed by succession and spontaneous reforestation may improve the biodiversity [11] . However, abandonment on agricultural fields often leads to transformation of the
Material and Methods

Study Area
The study area covers 33.9 km 2 and is situated in the northern part of Slovakia (Figure 1 ), in the Popradská kotlina basin located between the High Tatra Mountains and Levočské vrchy Mountains. The study area was chosen because of its ecological perspective as potential functional biocorridor connecting two different mountain ranges. The rural landscape is composed of patches of different vegetation types. The altitude ranges from 600 m to 750 m asl. The area is characterized by a moderately cool climate region, built by flysh layers covered by Quartenary sediments mainly glacio-fluvial and fluvial sediments. The potential natural vegetation of the study region belongs to the Western-Carpathian flora (Carpaticum occidentale) represented by fir and firspruce forests (alliance Abietion Březina et Hadač ex Hadač 1965, Piceion excelsae Pawlowski ex Pawlowski et al. 1928 ) and submontane alder forests along the watercourses (alliance Alnion glutinosae Malcuit 1929). Vegetation structure is described in detail in Reference [22] . From the socioeconomic perspective, the area covers the edge and hinterland of the city of Kežmarok, which is also the center of the district. and the reemergence of subsidies in forestry and agriculture in the EU accession and membership period [23, 24] . Each period largely influenced the complexity and amount of land use types related to that area. In addition, a part of the study area was a non-accessible military area until 1999 which still significantly influences its current land use and vegetation structure. The forest patches in the study area were also affected by natural disturbances; specifically a wind calamity that occurred in 2004 and destroyed most of the Prius stands in the High Tatras National Park [25] . 
Actual Vegetation
The actual vegetation was mapped according to CORINE Biotopes methodology [26] . A field research campaign on vegetation was realized in 2009 and focused on detailed large-scale mapping of plant communities, their boundaries, and preliminary classification according to the nomenclature of biotopes [26] . While species composition of plant communities was characterized in detail in Reference [22] , below we described only the main components of the vegetation structure. The actual vegetation along the river Poprad consists of riparian willow formations (Salix triandra, Salix fragilis, Salix caprea) (Figure 1 ). The riverine vegetation along smaller watercourses has a character of submontane willow shrubs (Salix purpurea, Salix fragilis, Alnus incana). The forests of The present vegetation and landscape structure are largely affected by the past political and economic changes and natural disturbances. From the socio-economical perspective, the area historically underwent a large exodus of inhabitants with foreign nationality, massive collectivization of the land through socialism, its restitution and then privatization in post-socialism and the reemergence of subsidies in forestry and agriculture in the EU accession and membership period [23, 24] . Each period largely influenced the complexity and amount of land use types related to that area. In addition, a part of the study area was a non-accessible military area until 1999 which still significantly influences its current land use and vegetation structure. The forest patches in the study area were also affected by natural disturbances; specifically a wind calamity that occurred in 2004 and destroyed most of the Prius stands in the High Tatras National Park [25] .
The actual vegetation was mapped according to CORINE Biotopes methodology [26] . A field research campaign on vegetation was realized in 2009 and focused on detailed large-scale mapping of plant communities, their boundaries, and preliminary classification according to the nomenclature of biotopes [26] . While species composition of plant communities was characterized in detail in Reference [22] , below we described only the main components of the vegetation structure. The actual vegetation along the river Poprad consists of riparian willow formations (Salix triandra, Salix fragilis, Salix caprea) (Figure 1 ). The riverine vegetation along smaller watercourses has a character of submontane willow shrubs (Salix purpurea, Salix fragilis, Alnus incana). The forests of nearest mountains represent interactive and buffer zones of protected areas of High Tatra Mts. National Park and Levočské vrchy Mts. protected by the Natura 2000 network. Forests consist of a mosaic of spruce-pine forests (Picea abies, Pinus sylvestris), pine woods (Pinus sylvestris), and mixed pioneer woods (Betula pendula, Sorbus aucuparia, Populus termula, Pinus sylvestris, Alnus glutinosa). Forests of High Tatra Mountains contain a high number of shrubby clearings (Rubus idaeus, Rubus caesius, Sambucus racemosa, Sambucus nigra), which cover the vast areas of the wind calamity of 2004. Grasslands in the chosen area consist of mesophile meadows, wet meadows, and mesophile pastures. More than a third of the study area consists of arable lands with weed communities of crops and to a lesser extent, extensive cultivation. Some agricultural parcels, especially close to the forest, were abandoned and cover 2.59% of all study area.
Land Use Scenarios
To assess the impact of future developments, we constructed three different scenarios of states of biotopes. The scenarios represent the variation of the landscape structure covering a plausible range of pathways of landscape development and comprise the storylines of (1) Maximum territorial development, (2) Restoration, and (3) Land abandonment ( Figure 2 and Table 1 ). 
Maximum Territorial Development
In this scenario, we assumed a large increase in development in agriculture, forestry, and built-up area. In the agricultural area, we expected an increase in the amount of arable land. In forestry, we assumed a trend of afforestation in Levočské vrchy Mts. based on findings in Reference 
In this scenario, we assumed a large increase in development in agriculture, forestry, and built-up area. In the agricultural area, we expected an increase in the amount of arable land. In forestry, we assumed a trend of afforestation in Levočské vrchy Mts. based on findings in Reference [27] . The built-up area in the scenario included all changes proposed in existing spatial plans, as, e.g., increase of built-up and factory areas of nearby towns, new road construction and removal of trees in zones of river regulation.
Restoration
In this scenario, we assumed agricultural optimization by dividing large arable fields into smaller parcels by following the rules for the protection of soil against to erosion [28] and the re-use of abandoned meadows and pastures. A few elements of nature conservation were also considered here: renaturalization of river banks and localization of a new regional biocorridor between the High Tatra Mts. and Levočské vrchy Mts. We used the Least Cost-Path Analysis in ArcGIS10.3 to identify the shortest path between those two core areas. The goal of this scenario was to reach a balance between agricultural use and nature conservation.
Land Abandonment
In this scenario, we assumed land abandonment followed by natural succession. The main elements were: conversion of abandoned agricultural fields into shrubs and conversion of abandoned pastures covered mostly by pioneer shrubs into the class of mixed pioneer woods. We also assumed a fast-spreading plant species as Salix caprea, S. fragilis, S. cinerea (riparian willow and submontane formations), Betula pendula (mixed pioneer woods), and Rubus idaeus (shrubby clearings) into neighboring pastures. For this purpose, we buffered the potential succession spread by medium distance dispersal of tree diaspores [29] . In this scenario, we also assumed decreasing agricultural intensity and no growth of urban areas.
Modeling
Selection of Representative Species
To assess the changes in the configuration of the different ecosystems in the area, six species with different habitat requirements and dispersal distances were selected ( Table 2 ). The selection was discussed with zoologists to find representative species of main habitats in the study area: riparian forests (Common frog and Water shrew), grasslands (Sand lizard and European ground squirrel), and forests (Hazel dormouse and Red squirrel). For all six species, the size of the study area corresponds with the size of a metapopulation. Therefore, species like Lynx are not chosen as this species' home range exceeded the size of the study area. Water shrew were chosen as they might be the characteristic species for the submontane willow shrubs habitat. European ground squirrel were chosen according to the historical appearance on foothills of High Tatra Mts. [30] . The habitat requirements of species required for the model, such as parameters of dispersal, home range distances, and carrying capacities, were calibrated based on the literature and expert knowledge ( Table 2 ).
The Model LARCH
For the assessment of the population viability of the selected species, LARCH (Landscape ecological Analysis and Rules for the Configuration of Habitat) was used. LARCH has been developed to assess the potential biodiversity in the landscape [21, 31] and has been used for impact assessments of land changes [32] [33] [34] , planning of ecological networks and corridors [18, 31] , and in studies assessing potential impacts of climate change to species viability [35, 36] .
As input, LARCH requires species-specific habitat data (a vegetation or land use map) and ecological parameters (home range, dispersal distance, and carrying capacity for all habitat types). These parameters were defined according to multiple literature resources and empirical studies. The model itself also contains parameters and standards for area requirements for viable (meta)populations based on simulations carried out with the dynamic population model [37, 38] . Actual species distribution or abundance data are not required for LARCH since the assessment is based on the potential for an ecological network of a species. According to the habitat distribution and estimated carrying capacities, the model evaluates the size and viability of local populations. The habitat patches within the home range of a species are considered as part of one local population. Local populations can be classified as small populations, key populations, and minimum viable populations (MVP) based on the quality and size of the patches [21, 37] . Local populations within dispersal distance of a species belong to one network. The size of the network is assessed by LARCH and considered viable when (1) at least one patch in the network exceeds MVP size, (2) there is at least one key population that is supported by several other small populations to guarantee one immigrant per generation, or (3) the network consists only of small patches but the total network size is large [37] . The carrying capacity of the different types of networks is compared with predefined standards ensuring an extinction risk of less than 5% in 100 years [37] . LARCH estimates the viability of each selected species. 
Results
Current State
The model outputs show that at present most of the species analyzed form relatively large local populations that are well connected in ecological networks. Regarding the potential population size, Sand lizard, Common frog, and Hazel dormouse are the most numerous (Table 3) . Riparian forest species like Water shrew forms a smaller ecological network due to their specific habitat of watercourse shores. Lack of suitable habitat in the study area is found for European ground squirrel, which may form only small populations here. Table 3 . Number of viable networks, predicted changes in the total abundance of species analyzed. Values for present situation expressed in reproductive units (RU = Reproductive Unit; breeding pairs or females depending on the breeding system of particular species), values for scenarios expressed as a percentage of the present situation (where present situation = 100%). 
Species
Scenarios
Maximum Territorial Development
The increase of utilized arable land as proposed in scenario 1 is expected to result in an overall reduction of 72% of grasslands, which will lead to a decrease in population size of grassland species, most markedly in the case of the European ground squirrel. LARCH predicts the decrease of grassland size will have an impact on the viability of the assessed species. The networks will decrease from sustainable to nearly sustainable.
Removal of trees on river regulation zones will result in a reduction of 5% of riparian forests and willow scrubs, mostly the middle stretch of the River Poprad andČierna voda watercourse (Figure 2 ). LARCH predicts a decrease of Water shrew and Common frog population size due to the destruction of their optimal habitats. The networks of these species will also decrease from sustainable to nearly sustainable.
Restoration
The realization of a biocorridor in this scenario assumes an increase of broad-leaved forest. The appearance of new forested patches would likely lead to an increase in population size of Dormouse and Red squirrel. The biocorridor connects isolated forest patches on edges of the study area resulting in one large sustainable network for Hazel dormouse.
The spatial configuration of arable land and grasslands in this scenario leads to a potential increase of 9.4% of the European ground squirrel population, resulting in a highly sustainable ecological network for this species. This result was partially a consequence of changed configuration of habitat patches on basis of dispersal distance, which seems practical knowledge for the improvement of the viability of endangered species.
Land Abandonment
Afforestation of abandoned grasslands and natural willow forest succession foreseen in this scenario will result in an increase of 4% of continuous forests dominated by broad-leaved species. A proportional increase of willow shrubs might lead to a higher spatial cohesion of habitats for Common frog and Water shrew.
A possible increase of mixed pioneer woods and shrubs from low-productive grasslands in this scenario caused a decrease of −17% of pastures and meadows. As pastures and meadows are optimal habitats for the European ground squirrel and Sand lizard, such change would lead to a higher degree of fragmentation of their remaining habitats. In the case of the Sand lizard, the fragmentation leads to an increase of local populations of almost three times in comparison to the present situation. The model predicts a decrease of the total population size to one quarter compared to the current population size (Table 3 ).
Discussion
By using the scenario assessment in combination with population modeling, our study provides important support for landscape planning process in Slovakia. Using the LARCH model, we found that the present configuration of the landscape provides suitable conditions for most chosen species. The analysis of different management scenarios in the study area, however, indicates that populations of the Water shrew and the Common frog will most likely be negatively affected by the growth of new settlements, construction of roads, and reduction of riparian forests and willow scrubs (most prevailing in "Maximum territorial development" scenario). The increase of built-up areas in the surroundings of towns (also assumed in the spatial plans), would lead to a coherent strip of built-up area along the river Poprad (0.25-1 km wide). Since dense urbanized areas and highways act as main barriers and unsuitable habitats to common frog distribution [46] , the new constructions would probably result in significant barriers for movement of animals in relation to river sites leading to fragmentation and isolation of their local populations. Riparian species are generally also sensitive to water quality, which may be harmed by intensifying of agricultural production, i.e., in case of Water shrew, there were no signs of habitat avoidance in response to human disturbance, but the species was absent from the river catchment with lowest water quality [47] . Besides other effects, the intensification of agriculture might increase the nitrate concentrations of surface waters which is the common trend recorded since the Second World War. The elevated levels of ammonium nitrate can be detrimental to amphibian development, especially for the Common frog, and cause declining populations [48] .
Another expected factor negatively impacting the viability of many species is the abandonment of agricultural land followed by spontaneous reforestation. For the Sand lizard, the decrease of suitable habitat resulted in population fragmentation. This will likely affect all other small grassland species as well. In the case of the European ground squirrel, the impact of abandonment might be even worse, due to the specific habitat of managed meadows and pastures this species need. In the past, these areas have been extensively used for grazing, which is currently true for only limited areas as a large decline of production in recent decades has been recorded in this region [49] . Abandonment results in succession processes, worsening the habitat qualities and likely leads to local extinction of the related species [50] .
The purpose of the designed restoration scenario was to maintain existing and restore abandonment agricultural fields. We found that the proposed restoration improves habitat configuration and connectivity between local populations especially of specialist species (those using one habitat type, in our study: the European ground squirrel and Hazel dormouse). For both species the proposed scenario positively impacted the species population by the amount and change in the configuration of habitats. Such findings are important for planning due to decreasing numbers of the European ground squirrel in their traditional habitats in Slovakia in recent years as consequence of higher chemigation in agriculture, ending traditional pasture farming, and abandonment of meadows and pastures [30] . Restoration of grazing in combination with the reintroduction of species into their traditional habitats is a good strategy of protecting the European ground squirrel populations in the region [49] . In case of the reintroduction of the European ground squirrel, it is important to consider the hinterland of the landscape, as it is important that newly formed European ground squirrel colonies are in mutual contact with other existing colonies [50] .
One of the measures in the "Restoration" scenario was proposing a biocorridor at a regional level. The biocorridor would connect the Biosphere reserve Tatras and regional biocentre Zlatý vrch (Levočské vrchy Mts. by a continuous strip of forest and ecotone formations. According to our results, the Hazel dormouse benefitted the most from such changes as the biocorridor connects two isolated local populations into one network population that is more stable. This confirms the knowledge that habitat specialist species will benefit most from habitat corridors [51] , because habitats of specialist species usually contrast strongly with surrounding land use types in fragmented landscapes and corridors are needed to cross unsuitable areas. Considering the current land cover configuration in Slovakia (e.g., CORINE land cover dataset) many potential areas that can act as biocorridors are currently discontinued [52] . Our results suggest that the reinstatement of biocorridor management, especially the filling of nonforested gaps, may increase rates of successful dispersal of the Hazel dormouse as was stated in Reference [51] . Constructing a continuous corridor and arranging all necessary fauna passages is important to consider avoiding the negative effects of traffic to animal species due to the construction of new roads. The scenario assessment we presented is a powerful tool for evaluation of the effects of land cover changes in the human-dominated landscape.
The current situation in our study area provides suitable conditions for most generalist species, but not for specialist species, what confirms the results of a similar study [32] . Further spread of settlement and high intensity of agricultural use would negatively impact all investigated species. Further abandonment followed by spontaneous reforestation would have a positive impact for forest and ecotone species, but not for grassland species. We demonstrated that by implementing the "Restoration" scenario, a combined conservation of generalist and specialist species can be realized. This result emphasizes the possibility for the successful combination of nature conservation and agricultural use while keeping a conservative variant of infrastructure and development planning.
The scenarios analyzed in our study were developed on the main land change trajectories in the region [24] . As the most probable land change trajectory is scenario 1, we modeled urbanization, which is characterized as the increase of built-up and industrial areas and construction of new roads [2] . As the aim of nearby towns representatives is to increase the job opportunities, they largely subsidize the establishment of new industrial sites, which may improve the rates of unemployment and attractiveness of the region. Our results show that the urban sprawl in the study area will detrimentally impact most of the evaluated species. Thus, a sensitive approach to infrastructure and construction planning with environmental impact assessment is necessary. Less likely to occur in the future is the spread of agricultural areas into the surrounding landscape, which was assumed within the scenarios. It confirms continuous abandonment, which may trigger the increase of land use intensity on surrounding agricultural plots (polarization of agricultural production).
Agricultural land abandonment and afforestation is nowadays a widespread trend in Europe [2] and especially in post-socialist countries [53] . Therefore, we can expect an ongoing process of natural succession and afforestation in remote areas under extensive land use with difficult access [54] .
Presented results show the capability of the LARCH model in assessing functional ecological networks, concerning the survival or even extinction of existing species. Such an approach puts the "species perspective" insights into various aspects of development, e.g., water management of different areas [18] . However, such assessments have limitations and include a high level of uncertainty. While setting up the model we found, similar to different studies [55, 56] , a large sensitivity of modeling outcomes based on input parameters. Even small alterations in the parameter values (e.g., parameters used for translating habitat type and area into carrying capacity) may lead to significant differences in the modeling output. Setting up the parameters is, therefore, crucial but also a time-consuming task. The merits of the approach are, that one can calculate these statistics not only for existing landscapes but for future projections defined for other purposes [21] . Furthermore, it is emphasized by authors [21] that, the assessment method was intended for the comparison scenarios and focuses on the main differences between the results for the various scenarios and species not on the absolute values of the results.
Conclusions
The scenarios analyzed in our study were developed on the basis of main expected land use transitions in central European countries, namely an increase of settlement and infrastructure and land abandonment and spontaneous reforestation on agricultural fields. Our results showed that the present conditions in the study area still offer suitable conditions for most of the investigated species. However, we also found possible land use transformations that modify landscape elements composition mostly in agricultural landscape and improvement of habitat conditions for selected forest, grassland, and riparian species. Recovery of riparian forest, extensive management of grasslands, and realization of a biocorridor are concrete actions necessary to accomplish these goals. We conclude that the recovery of key habitats is critical for preventing further loss of biodiversity, especially in human-dominated landscapes. We consider the procedure used for the evaluation of possible future scenarios useful in landscape planning processes, due to highlighting potential impacts, before real changes to habitats occur. To come to balanced development in spatial planning processes, which take into account both environmental and societal needs, is important [18] . We suggest that scenario modeling should be widely used in the process of decision making for spatial development, in particular in Slovakia where the landscape exhibits turbulent changes. 
